study to date has assessed the safety of outpatient lengthening of growing spinal implants.
We hypothesized that the 30-day perioperative complication rate after lengthening of spinal instrumentation would be similar between outpatient and inpatient lengthening procedures.
Methods
A retrospective cohort study was conducted using data from the American College of Surgeons National Surgical Quality Improvement Program-Pediatric (NSQIP-P) database. NSQIP-P is a multiinstitutional pediatric (age < 18 years) surgical outcomes database containing preoperative, surgical, and 30-day outcome variables collected based on a systematic sampling process to ensure proportional diversity in selection using an 8-day sampling cycle from more than 60 pediatric institutions.
19 NSQIP-P data are continuously audited and validated and are compiled into Participant User Files (PUFs) for use in quality improvement and surgical outcomes research. The 2014-2015 NSQIP-P PUF was used for this study. The NSQIP-P PUF data contain no patient identifiers, and this research was determined to be exempt from IRB review by the local IRB and Human Subjects Protection Office.
The study cohort was identified by Current Procedural Terminology code 22849 for surgical lengthening of a growing spinal prosthesis. The primary independent variable of interest was the hospital-defined postoperative admission status, defined as either inpatient admission after surgery or outpatient surgery with discharge following surgery. Other variables evaluated included age, sex, presence of a tracheostomy, seizure disorder, neuromuscular condition, nutritional support (including total parenteral nutrition or assisted feeding via gastrostomy or nasogastric or jejunal devices), ventilator dependence at the time of surgery (including continuous or bilevel positive airway pressure), and American Society of Anesthesiologists (ASA) Physical Status classification as defined by the treating anesthesiologist.
The primary outcome was the rate of any surgical complication within 30 days. Postoperative complications were stratified according to the Clavien-Dindo classification system as modified by Sink et al. for orthopedic procedures. 33 Complications are subdivided as grade I (not included in the NSQIP-P database), II (superficial wound infection, urinary tract infection, seizure, transfusion, venous thromboembolism, pneumonia), III (wound dehiscence, neurological deficit, systemic sepsis, reoperation, readmission, pulmonary embolism), IV (reintubation, coma, septic shock, implant failure, cerebrovascular accident), or V (death). 33 Complications were categorized as minor if they were Clavien-Dindo grade I or II, and major for grades III and higher.
Statistical analysis was performed using IBM SPSS (version 24, IBM Corp.). Significance was set at p < 0.05. Univariate analyses using the chi-square test were performed to assess for relationships between categorical predictor variables and the occurrence of postoperative complications. Univariate factors identified as having statistically significant associations with the occurrence of any complication were entered into a stepwise multivariable binary logistic regression model to determine independent contributions to the occurrence of complications.
Results
A total of 796 patients were identified (mean age 9.09 ± 3.44 years; 54% of patients were female) as having undergone a spinal lengthening procedure for growth-friendly instrumentation. Recording of preoperative diagnoses varied, with 34.4% (n = 274) reported as unclassified scoliosis, 14.7% (n = 117) as previous spinal hardware implantation, 12.6% (n = 100) as congenital spine deformity, and 13.1% (n = 104) as having no listed diagnosis code. Three hundred twelve patients had a documented neuromuscular condition at the time of surgery (39.2%); 27.9% (n = 87/312) had cerebral palsy and the remaining patients had conditions that consisted of various forms of muscular dystrophy, myelodysplasia, and spinal muscular atrophy. A seizure disorder was present in 96 patients (12.06%), 94 were ventilator dependent (11.8%), and 72 had a tracheostomy (9.04%). The majority of cases were graded as ASA class III (n = 460, 57.8%) followed by ASA class II (n = 277, 34.8%) and ASA class I (n = 25, 3.1%).
Of the identified 796 cases, 73% were performed on an inpatient basis. There was no significant difference in mean patient age (inpatient: 9.05 ± 3.66 years vs outpatient: 9.22 ± 2.75 years; p = 0.52), sex (outpatient: 56.3% female patients vs inpatient: 53.7% female patients; p = 0.506), neuromuscular diagnosis (inpatient: 39.6% vs outpatient: 40.9%; p = 0.56), or seizure disorder (inpatient: 11.8% vs outpatient: 12.7%; p = 0.747) and postoperative admission status. However, patients with a tracheostomy (10.4% vs 5.1%; p = 0.021) and ventilator-dependent patients (13.2% vs 7.9%; p = 0.043) were more likely to be admitted to the hospital postoperatively after a lengthening procedure.
Seventy-five postoperative complications (not including the number of blood transfusions) were reported in 46 patients (5.8%) in the first 30 days following surgery (Table 1). When subdivided according to the Clavien-Dindo classification system, there were 8 patients with a grade II complication and 38 patients with a total of 67 grade III complications. Four patients experienced both grade II and III complications. The overall rate of major complication requiring readmission or reoperation was 3.5%.
The most common complication within 30 days of surgery was readmission (n = 28; Table 2 ). The most common listed diagnosis for readmission was wound infection (n = 5), followed by implant-related complication (n = 4), sepsis (n = 3), wound dehiscence (n = 2), and pneumonia (n = 2). Reoperation occurred in 18 patients, with reinsertion of implants being most common (n = 5), followed by irrigation and debridement (n = 4). Wound exploration and incisional dehiscence repair occurred in 1 patient each, with 4 other patients undergoing procedures other than spine surgery (bronchoscopy, fecal disimpaction, cystourethroscopy, and CSF shunt procedure) and 3 patients having no listed procedural codes.
Overall, the rate of a major complication did not differ based on admission status (2.8% inpatient vs 3.8% out-patient, p = 0.517). There was a 3.5% rate of readmission and a 2.2% rate of unplanned reoperation. On univariate analysis, ventilatory dependence (9.5% vs 2.7%), need for nutritional support (7.1% vs 2.5%), and ASA classification > II (ASA class > II [n = 494] 4.8% vs ASA class ≤ II [n = 302] 1.3%) placed patients at a higher risk for any postoperative complications (Table 3) . Multivariate analysis identified ventilator dependence as an independent risk factor for any postoperative complications within 30 days following surgery.
Discussion
Early-onset scoliosis is a challenging clinical entity with an evolving approach to its surgical treatment. While the recent introduction of magnetically expandable growing rods has changed the surgical approach to many patients, the use of instrumentation requiring regular surgical lengthening is still favored in certain clinical scenarios, and many patients still have such implants in place that continue to require surgical lengthening. In this review of pediatric patients undergoing a spinal lengthening procedure for growth-friendly instrumentation, we found an overall rate of perioperative complications within 30 days of surgery of 6.3%. Of the children undergoing a lengthening procedure, 73% were admitted to the hospital; however, the postoperative complication rate did not differ between these patients and those undergoing outpatient lengthening. Only ventilator dependence was found to be an independent predictor for perioperative complication.
Growing rod instrumentation, including rib-based distraction prostheses and traditional growing rods, has been a popular treatment for early-onset scoliosis for many years. This method has evolved as a means to address the occurrence of restrictive pulmonary disease and thoracic insufficiency that developed in patients who underwent early, definitive spinal fusions. 4, 15, 16 However, given the required repetitive surgical lengthening procedures, the risk of surgical complications is present. Bess et al.
2 reported the complication rate for patients undergoing traditional growing rod instrumentation, finding that 58% of patients develop at least one complication over the treatment course, with younger patient age and each additional lengthening procedure independently increasing the risk of developing a complication. The current study found a much lower complication rate, 6.3%, for a single lengthening procedure. The average patient treated with growthfriendly spinal instrumentation undergoes an average of 4-6 surgical lengthening procedures. 2, 37 Extrapolating the reported 6.3% complication rate per lengthening would increase the perioperative complication rate to 25.2%-37.8% over the entire treatment course.
Unplanned readmission was the most common complication, experienced by 3.5% of the pediatric cohort. Wound infection and implant complications were the most common etiologies for readmission (n = 14), accounting for 50% of all readmissions. Of the patients readmitted for a wound infection, 78% required an unplanned return to the operating room. Long-term studies, however, have indicated that implant-related complications are the most common, accounting for as much as 77% of all complications. 20 Given the short follow-up in the NSQIP-P data set, only 30 days from surgery, these complications are less likely to occur in the current patient cohort and may artificially deflate the overall complication rate. Numerous surgical factors have been identified to account for the incidence of implant-related postoperative complications; 1, 38 however, given the limitation of the data set, we are unable to comment on the technical aspects of these procedures and how they might have affected the postoperative complication rates.
The presence of a tracheostomy and presurgical ventilator dependence (including the use of continuous and bilevel positive airway pressure) were identified as risk Higher ASA classification is a common risk factor identified in the literature, with classes greater than II being associated with postoperative complications, 8, 21 as reported in the current study.
Several studies have examined the outcomes of pediatric patients with significant respiratory compromise who underwent spinal surgery. Wazeka et al. 39 reported the outcomes of 21 pediatric patients with severe restrictive lung disease, 19% of whom were ventilator dependent, undergoing spinal arthrodesis (85% of which were circumferential anterior and posterior fusions), with 19% of patients developing a postoperative major pulmonary complication (2 pleural effusions and 2 cases of pneumonia). Payo et al. 23 reviewed 24 patients younger than 19 years with presurgical ventilator support. Although none of this cohort (70% of whom had a neuromuscular scoliosis) required a tracheostomy, there was a 58% complication rate at a mean follow-up of 32 months, with 50% of these complications being labeled as a major complication according to the Clavien-Dindo system. 23 Gill et al. 11 found that patients with neuromuscular conditions and preexisting respiratory failure, however, can safely undergo surgery without significant change in their respiratory function and without major cardiac or pulmonary complications.
No previous studies have assessed the safety of outpatient lengthening of growth-friendly spinal implants in patients with a tracheostomy and/or ventilator dependence. However, obstructive sleep apnea and ventilatory dependence have shown a high association with postoperative complications and respiratory compromise for pediatric patients undergoing adenotonsillectomy. 5, 7, 40 As such, the American Academy of Pediatrics has proposed guidance for the perioperative anesthesia environment of pediatric patients undergoing surgery, recommending postoperative admission or prolonged monitoring for any patient with a history of obstructive sleep apnea.
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The necessity of nutritional support was also recognized as a risk factor for postoperative complication. Malnutrition has been reported to be a common risk factor for postoperative complication in adults; 3, 27 however, it has not been well investigated in cases of pediatric scoliosis. Postoperative gastrointestinal complications are not uncommon in pediatric patients, especially in patients with neuromuscular disorders. 34 The presence of nutritional support, by way of total parenteral nutrition or nasogastric, gastrostomy, or jejunal feeding, was associated with an increased rate of postoperative complications. However, previous studies have shown that gastrostomy tube feeding can have a significantly positive effect on weight gain and nutritional indices in pediatric neuromuscular disorders.
31,35,36 Jalanko et al. 13 found that gastric myoelectric power increases in patients with spastic neuromuscular disorders who undergo surgical correction of scoliosis. This was found to be significantly correlated with the postoperative sagittal balance and associated with prolonged paralytic ileus. However, there was minimal effect on the nutritional state.
Ultimately, no association was found between postoperative admission status and the rate of perioperative complications. This reflects the data of similar studies in the adult spine literature, demonstrating that the rate of perioperative complications for outpatient cervical 17, 22, 26 and lumbar 9, 32 surgery is no different from that of inpatient procedures. As outpatient orthopedic and spine surgeries have been shown to be effective and produce high patient satisfaction in review of national health care databases, 10, 12, 18 performing outpatient surgical lengthening of growth-friendly spinal implants could help improve patient satisfaction. Additionally, hospital expenses account for up to 83% of the direct costs for traditional growing rod lengthening procedures. 6 Performing outpatient lengthening for indicated patients could significantly reduce surgical costs while improving hospital resource utilization.
There are several limitations in the interpretation of this study. The occurrence of a postoperative complication is restricted to within 30 days of surgery. Although this study was focused on the implication of postoperative admission status on short-term complications, we are unable to obtain a true understanding of the long-term complication profile or to assess the cumulative complication profile over the complete course of spinal lengthening. Additionally, the reason why surgeons elected to admit certain patients and not others is a point that is unable to be confirmed given the restraints of the data, limiting the extrapolation of the results. The data also do not differentiate at which point each patient is in the course of his or her surgical treatment, or the number of prior lengthening procedures. Previous studies have shown that an increasing number of lengthening procedures increases the risk of complications, 37 a finding on which we are unable to comment. Given that NSQIP-P is a nationwide database, myriad surgeons were included, with an expected wide variation in surgical technique that cannot be accounted for in this analysis. Given the coding status, we were unable to subdefine the complication rate by the type of proximal anchorage, rib based versus spine, or the number of proximal anchorage points. In addition, surgical blood loss and transfusion protocols were not standardized across participating institutions.
Conclusions
Using a prospectively collected nationwide pediatric database, we defined the overall perioperative complication profile in patients undergoing a spinal lengthening procedure for early-onset scoliosis. Although, 73% of children in this cohort were admitted to the hospital, no significant difference in perioperative complications was found between those who underwent outpatient versus inpatient procedures. Outpatient lengthening appears to be safe for most patients; however, consideration for postoperative admission should be given to those who are ventilator dependent.
